Introduction: Previous studies have identified Salmonella as the main causative agent of foodborne diseases in the state of Rio Grande do Sul (RS), southern Brazil, between 1997 and. This study aimed to describe the Salmonella serotypes, antimicrobial patterns, and food vehicles of salmonellosis that occurred in RS between 2007 and 2012. Methodology: Information about Salmonella isolates and salmonellosis outbreaks registered in the official records of the Central Laboratory of RS (FEEPS/IPB-LACEN/RS) was analyzed. Results: Among the 163 isolates investigated, 138 (84.7%) were identified as S. Enteritidis. The second and third most frequent serovars identified were S. Schwarzengrund (5.5%) and S. Typhimurium (3.7%). Homemade mayonnaise was the food vehicle most frequently identified (17.39%), followed by pastry products (15.94%) and beef (12.32%). Antimicrobial resistance was analyzed; 12 drugs were tested. Higher percentages of resistance were observed to nitrofurantoin (94.2%) and nalidixic acid (89.1%). The resistance to these two drugs was verified in 80.43% of the isolates. Multi-resistance to three and five drugs was verified in four and two isolates, respectively. Conclusions: Comparing the results of the present study with results of previous reports, it was possible to conclude that S. Enteritidis and homemade mayonnaise are still the main serotype and food vehicle of salmonellosis in RS and that antimicrobial resistance has been increasing among S. Enteritidis responsible for foodborne outbreaks in southern Brazil.
Introduction
Salmonella is one of the main causative agents of foodborne disease (FBD) worldwide; it is responsible for serious health problems and significant economic losses [1] [2] [3] . In many countries, including in Brazil, foods of animal origin have been identified as the primary vehicles for human salmonellosis. In Brazil, meat, eggs, and egg products are the foods most frequently involved with illnesses [4] [5] [6] . Although there are more than 2,400 Salmonella serovars identified worldwide [7] , in the last decade, a specific strain of S. Enteritidis was identified as the primary cause of salmonellosis in the state of Rio Grande do Sul (RS), the southernmost state of Brazil [8] [9] [10] [11] . This strain was named S. Enteritidis SE86 and has been investigated by our group since 1997 to determine its effects on the public health of RS [5, 6, 8, 9, 12, 13] .
Among the investigations, antimicrobial resistance testing of the S. Enteriditis isolates has been done since 1999 [11, 14, 15] . Even though the salmonellosis caused by S. Enteritidis SE86 is usually limited to the gastrointestinal tract and treatment does not involve antibiotics, the use of these drugs is recommended when salmonellosis affects immunocompromised patients or when the symptoms of salmonellosis are more severe (e.g., fever and presence of blood in stools). Thus, the monitoring of the Salmonella serovars involved in foodborne diseases and their antimicrobial resistance patterns are of great importance to the control of salmonellosis and public health maintenance. This study aimed to investigate the main Salmonella serovars and their resistance patterns, as well as the food vehicles of salmonellosis that occurred in the RS between 2007 and 2012.
Methodology

Source of data of Salmonella isolates
Data on Salmonella isolates and salmonellosis outbreaks investigated in the present study were taken from FEEPS/IPB-LACEN/RS. The official records, as well as the information on foodborne outbreaks from FEEPS/IPB-LACEN/RS, were analyzed and compiled by the technical staff of the Laboratory of Microbiology and Food Control of the Federal University of Rio Grande do Sul (ICTA/UFRGS).
Records included information about all the samples collected from investigated salmonellosis cases in RS during the period of January 2007 to February 2012. The state of RS is one of 27 Brazilian states and has a population of approximately 10.7 million people, distributed in 496 cities. Salmonellosis outbreaks were noted and investigated by regional coordinators of the Division of Health Surveillance (DVS/RS), which, when possible, conducted sampling of suspect foods and transported them to FEEPS/IPB-LACEN/RS. In the laboratories of this institution, isolation and biochemical identification of Salmonella were carried out according to the methods described by the Compendium of Methods for the Microbiological Examination of Foods [16] . Isolates were serotyped at the Laboratory of Enterobacteriaceae at the National Reference Center for Intestinal Bacterial Infections, Oswaldo Cruz Foundation (FIOCRUZ) (Rio de Janeiro, Brazil) following methods described by Kauffman [17] . Official reports containing information about pathogenic microorganisms and foodborne outbreaks were prepared by FIOCRUZ and remitted to FEEPS/IPB-LACEN/RS. These documents were analyzed, and the information about 163 isolates of Salmonella were investigated in the present study.
Antimicrobial susceptibility
Antimicrobial susceptibility testing was performed at FIOCRUZ. The isolates were analyzed for susceptibility to 12 antimicrobials using the disk diffusion method, according to the guidelines of the Clinical Laboratory Standards Institute [18] . The antimicrobial agents tested were ampicillin (AMP), chloramphenicol (CHL), tetracycline (TCY), cefoxitin (FOX), ceftazidime (CAZ), streptomycin (STR), ciprofloxacin (CIP), gentamicin (GEN), imipenem (IMP), nalidixic acid (NAL), trimethoprim/sulfamethoxazole (STX), and nitrofurantoin (NIT). The resistance profile was determined according to the standards used by Laboratory of Enterobacteriaceae at FIOCRUZ.
Results
Among the 163 isolates analyzed, 138 (84.7%) were identified as S. Enteritidis, 9 (5.5%) as S. Schwarzengrund, and 6 (3.7%) as S. Typhimurium. Six other serovars were identified, each one found in only one food sample ( Table 1) .
As shown in Table 2 , among the foods involved in salmonellosis caused by S. Enteritidis in the state of RS between 2007 and 2012, homemade mayonnaise was the most frequently identified food vehicle (17.39%), followed by pastry products (15.94%) and beef (12.32%). S. Enteritidis was isolated in 9.42% of processed meat samples, 6.52% of chicken meat samples, and 2.17% of pork samples. Other serovars of Salmonella were also isolated: S. Derby from processed meat, S. Infantis from sandwiches, S. London from processed meat, S. Panama from processed meat, S. Give from processed meat, S. Typhimurium from mayonnaise and processed meat, S. Schwarzengrud from rice, pasta, meats, mayonnaise and raw vegetables, S. Agona from processed meat, and S. enterica from pastry products, meat, and eggs (data not shown).
Antimicrobial resistance
Antimicrobial resistance patterns were investigated only in S. Enteritidis isolates; the results are presented in Table 3 . The highest resistance percentage was observed for NIT (94.2%) and NAL (89.1%). Only two isolates were resistant to TCY, two to AMP, and two to FOX. Three isolates were resistant to CAZ, CIP, and SXT, separately, while no isolate showed resistance to CHL, STR, IMP, and GEN. Table 4 shows the resistance profiles of the S. Enteritidis isolates. Among them, 11.6% were resistant to only one drug (NIT or NAL) and 80.43% were resistant to two antibiotics (NAL and NIT). Only one isolate was resistant to NAL and TCY. Three isolates showed intermediate resistance to NIT and one to STR. One isolate was multi-resistant to NAL, NIT, and SXT. Three isolates were multi-resistant to NAL, NIT, and TCY. Two isolates demonstrated multi-resistance to NAL, NIT, AMP, FOX, and CIP, while another isolate was multi-resistant to NAL, NIT, AMP, FOX, and CAZ. Isolates of S. Enteritidis were also identified as major food pathogens in other states of Brazil such as Santa Catarina [19] , Paraná [20, 21] , and São Paulo [22] . Recently, the same serovar was also identified as the main causative agent of human salmonellosis in other countries such as the United States [23] and China [24] .
In the present study, homemade mayonnaise was identified as the food most frequently involved in foodborne salmonellosis in RS between 2007 and 2012. Similar results were shown by Costalunga & Tondo [5] and Silveira & Tondo [6] [1, 2, 26] . According to the CDC [27] , only one in ten thousand eggs are contaminated with Salmonella in the United States. It is possible that a similar proportion of contaminated eggs could be found in Brazil, considering the well-controlled industrialized egg production in Brazil. However, uninspected eggs may have much higher percentages of Salmonella contamination. The use of uninspected raw eggs was identified as one of the main causative factors of salmonellosis in the last decade in RS [5, 6, 12, 13] , even though the use of raw eggs is not allowed by the current good manufacturing practices regulations of RS [28] .
As shown in Table 2 , pastry products and beef were the second and third main food vehicles of S. Enteritidis in the state of RS. These results can be justified by the extensive handling of pastry products during their preparation, as well as the possible crosscontamination within food services that prepare beef meals. The facts that S. Enteritidis has been associated mainly with poultry meat [13] and, based on the results of the present study, S. Enteritidis was found on roast and baked beef, strongly suggest the occurrence of cross-contamination after the heat processing of these preparations. The hypothesis that one of the main causative factors of salmonellosis in RS between 2007 and 2012 was the cross-contamination after thermal processing is reinforced by the isolation of S. Enteritidis from foods such as ham, mortadella, pasta with meat sauce, and rice with meat.
The 138 strains of S. Enteritidis isolated from food involved in foodborne outbreaks were analyzed for susceptibility to antimicrobial agents ( Table 3 ). The highest percentages of resistance were observed for NIT and NAL.
Antimicrobial resistance is increasing rapidly worldwide, and the indiscriminate use and misuse of antibiotics has facilitated the emergence of resistance in many Salmonella serovars [13] . Although antimicrobial resistance in S. Enteritidis has been considered low when compared with the dramatic resistance increase of some isolates of S. Typhimurium [29] , attention should be paid to the frequent isolation of S. Enteritidis resistant to one or more antibiotics. The increasing antimicrobial resistance surveillance of S. Enteritidis is especially important since this serovar became the predominant agent of human salmonellosis in many countries in recent years, including Brazil. During the last decade, in RS, the resistance of S. Enteritidis isolated from foodborne illnesses has been the subject of several studies [8, 11, [13] [14] [15] . Several drugs have been analyzed, and the S. Enteritidis responsible for salmonellosis in RS showed an increased resistance to AMP and especially to NAL [3, 11] . Between the years 1999 and 2006, S. Enteritidis isolates showed a gradual increase in resistance to NAL [8, 11, 14] . If these results are put together with the results of the present study, one can observe a clear growing increase in the proportion of S. Enteritidis isolates resistant to NAL (Figure 1) .
Geimba et al. [14] observed that in 1999, 12.8% of the S. Enteritidis isolates were resistant to NAL; in 2000, this percentage rose to 14.7%. De Oliveira et al. [8] Geimba et al. [14] analyzed isolates of S. Enteritidis involved in foodborne outbreaks in RS between 1999 and 2000 and found that 94.6% of isolates were sensitive to kanamycin, 95.9% to trimethoprim/sulfamethoxazole, 98.6% to chloramphenicol, and 97.3% to sulphazotrim. However, de Oliveira et al. [8] analyzed isolates of S. Enteritidis involved in salmonellosis outbreaks in RS [14] reported that between 1999 and 2000, the highest intermediate resistance was to streptomycin (37%), gentamicin (13.7%), and nalidixic acid (13.7%) among S. Enteritidis isolated from foods involved in salmonellosis in RS. De Oliveira et al. [8] showed that kanamycin (29.1%), neomycin (17.7%), and streptomycin (13.9%) had the greatest intermediate resistance in isolates of S. Enteritidis involved in foodborne outbreaks between 2001 and 2002. In the present study, however, intermediate resistance was found at low levels to nitrofurantoin (2.2%) and streptomycin (0.7%).
In Denmark, a study of the period from 1995 to 2000 examined 2,546 S. Enteritidis isolates. This study demonstrated that 82 isolates (3.2%) were resistant to nalidixic acid [30] . Prior to this study, Breuil et al. [31] found lower percentages of resistance to nalidixic acid (2% to 4%) in S. Enteritidis isolated from human and animal samples in France between 1994 and 1997.
The indiscriminate use of antibiotics, especially quinolones, in poultry facilitated the spreading of positive lots for S. Enteritidis [32] . The resistance to quinolones by S. Enteritidis was motivated by the extensive use of quinolones and similar drugs in animal feed [32] . Several studies have reported that Salmonella -mainly from poultry -has emerged as particularly resistant to quinolones [31, 33, 34] . This increasing Salmonella antimicrobial resistance in different parts of the world may indicate a spread of resistant or multi-resistant epidemic strains [35] . This is important because food from animal origins, especially eggs and meat products, are frequently involved in salmonellosis outbreaks. One must consider that Brazil is the largest exporter of chicken and beef meat in the world and that many meat industries are located in the southern region of the country. The evaluation of the resistance in Salmonella isolates, therefore, is of great importance.
In conclusion, the results of the present study demonstrated that S. Enteritidis was the serovar most frequently isolated from foods involved in salmonellosis in RS between 2007 and 2012. Thus, it can be concluded that this serovar was the major agent of foodborne illnesses in the state of RS in recent years. Furthermore, during the last decade, there was an increase in the resistance of S. Enteritidis isolates to nalidixic acid. The results of this study also demonstrated that homemade mayonnaise was the main food vehicle of salmonellosis in RS. Therefore, continuous monitoring of main causative bacterial agents of foodborne diseases in RS is important in order to investigate changes in these strains and to prevent new and future foodborne outbreaks.
